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ABSTRACT
Background: Although suggested by practice guidelines, the need for
pre-exercise stress testing in asymptomatic people with diabetes re-
mains controversial. We examined the utility of screening with pre-
exercise stress testing in patients with diabetes.
Methods: We completed a cohort study, evaluating patients with
diabetes who attended an exercise program intake session between
2007 and 2012. The exposure of interest was referral for pre-exercise
stress testing determined by an algorithm requiring sedentary patients
with diabetes and � 1 cardiac risk factor to undergo testing. Outcomes
included cardiac catheterization, revascularization, cardiovascular-
related admissions, mortality, and change in care.
Results: Among 1705 people with diabetes, 676 (40%) were referred
for pre-exercise stress testing. In patients who were referred for stress
testing compared with those who were not, there was no difference in
the composite of cardiovascular outcomes (revascularization,
cardiovascular-related admissions, and cardiovascular-related death)
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R�ESUM�E
Introduction : Bien que les lignes directrices suggèrent de faire passer
l’�epreuve d’effort chez les personnes asymptomatiques atteintes du
diabète avant d’entreprendre une activit�e physique, cette pratique
demeure controvers�ee. Nous avons examin�e l’utilit�e du d�epistage au
moyen de l’�epreuve d’effort chez les patients diab�etiques avant d’en-
treprendre une activit�e physique.
M�ethodes : Nous avons termin�e une �etude de cohorte, qui portait sur
l’�evaluation de patients diab�etiques qui avaient particip�e à une s�eance
d’admission au programme d’activit�e physique entre 2007 et 2012.
L’exposition d’int�erêt �etait la consultation pour l’�epreuve d’effort avant
d’entreprendre une activit�e physique d�etermin�ee par un algorithme qui
requiert des patients s�edentaires atteints du diabète et ayant � 1
facteur de risque cardiaque pour subir l’�epreuve. Les critères de
jugement �etaient le cath�et�erisme cardiaque, la revascularisation, les
admissions li�ees aux maladies cardiovasculaires, la mortalit�e et les
changements dans les soins.
People with diabetes are at increased risk of cardiovascular dis-
ease (CVD),1-4 and habitual exercise is associated with sub-
stantial reduction of this risk.5-9 However, acute exertion can
also precipitate coronary events.10,11 Because of the higher
prevalence of silent ischemia in diabetes, several practice
guidelines12-14 suggest that exercise stress testing be considered
for the majority of asymptomatic diabetic persons who want to
perform moderate to vigorous exercise training and/or who have
other CVD risk factors. Although the updated guidelines12 from
the American College of Sports Medicine (ACSM) no longer
recommend screening based on traditional CVD risk factors for
the general population, the recommendation for inactive people
with diabetes is to obtain “medical clearance” before participa-
tion in even moderate-intensity exercise. The guidelines further
state that for people with diabetes and a risk of a cardiac event
over 10 years of > 10% using the Framingham Risk Calculator,
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within 1 year (2.8% vs 1.9%, P¼ 0.250), or subsequent to the first year
(3.1% vs 4.6%, P ¼ 0.164). Within 1 year, more revascularizations
were performed in patients referred for stress testing compared with
those who were not (2.1% vs 0.8%, P ¼ 0.027) but not during longer-
term follow-up (mean 3.4 years).
Conclusions: The rates of cardiovascular outcomes in both tested and
untested patients were low. Patients undergoing stress testing had no
difference in adverse cardiovascular outcomes over the follow-up pe-
riods. Referral for stress testing did not result in a change in care for
most patients. Our findings suggest stress testing before beginning an
exercise program is not necessary for most asymptomatic patients
with diabetes.

R�esultats : Parmi les 1705 personnes diab�etiques, 676 (40 %) ont
subi l’�epreuve d’effort avant d’entreprendre une activit�e physique. Si
l’on comparait les patients qui passaient l’�epreuve d’effort à ceux qui
ne le passaient pas, il n’y avait aucune diff�erence dans les critères
composites des �ev�enements cardiovasculaires (revascularisation,
admissions li�ees aux maladies cardiovasculaires et d�ecès li�es aux
maladies cardiovasculaires) en 1 ann�ee (2,8 % vs 1,9 %, P ¼ 0,250),
ou après la première ann�ee (3,1 % vs 4,6 %, P ¼ 0,164). En 1 ann�ee,
mais non au cours du suivi à long terme (moyenne de 3,4 ans), les
patients qui passaient l’�epreuve d’effort subissaient plus de revascu-
larisations que ceux qui ne la passaient pas (2,1 % vs 0,8 %,
P ¼ 0,027).
Conclusions : Les taux d’�ev�enements cardiovasculaires chez les pa-
tients qui subissaient l’�epreuve d’effort et les patients qui ne sub-
issaient pas l’�epreuve d’effort �etaient faibles. Les patients qui
subissaient l’�epreuve d’effort ne montraient aucune diff�erence dans
les �ev�enements cardiovasculaires ind�esirables durant les p�eriodes de
suivi. La consultation pour l’�epreuve d’effort n’entraînait pas de
changement dans les soins de la plupart des patients. Nos r�esultats
montrent que la plupart des patients diab�etiques asymptomatiques
n’ont pas besoin de passer l’�epreuve d’effort avant de commencer un
programme d’activit�e physique.
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or participating in vigourous-intensity exercise, that an exercise
stress test be considered before exercise. Although stress testing
can be useful for determining functional capacity and guiding
exercise prescription,13,15 the value and clinical utility of pre-
exercise stress testing to screen for CVD in patients with dia-
betes is uncertain.16

Several trials investigating screening for CAD in asymp-
tomatic patients with type 2 diabetes found that screening with
coronary computed tomography angiography,17 myocardial
perfusion imaging,18 or electrocardiography (ECG) stress
testing19 did not reduce rates of cardiac events in follow-up.
Accordingly, recent guidelines20,21 do not recommend
routine CAD screening in all people with diabetes. However,
this evidence does not necessarily apply to those who wish to
initiate exercise, for whom stress testing remains recommended
for many.12-14 With an increasing number of public health
efforts to promote physical activity in people with diabetes, the
decision to refer for pre-exercise stress testing is encountered
frequently by many health care providers.

The aim of this study was to evaluate the clinical utility of
pre-exercise stress testing in people with diabetes planning to
enter a supervised exercise program within a community-
based cohort. Specifically, we evaluated differences in car-
diovascular outcomes among those who were referred, vs not
referred, for pre-exercise stress testing. Our secondary objec-
tives were to compare the clinical characteristics of patients
referred for pre-exercise testing who experienced a CV
outcome with those who did not, to determine clinical pre-
dictors of CV events and to determine if referral for stress
testing led to a change in care.
Methods

Inception of cohort

We conducted a retrospective cohort study of patients
referred to a supervised exercise program between March 1,
2007 and February 29, 2012, in Calgary, Alberta, Canada.
Patients were included if they were at least 18 years of age,
attended an exercise intake session, and were identified as
having “diabetes mellitus” or “type 2 diabetes.” The super-
vised exercise program or the “Living Well” program is a
community-based 8-week, medically supervised exercise pro-
gram. Participants were self-referred or referred by health care
providers. All participants were required to attend an orien-
tation/intake session during which they were given informa-
tion, triaged to the appropriate level of class, and screened by
clinical staff using an algorithm to determine if a stress test was
necessary before the exercise program. The Alberta Health
Services Chronic Disease Management (CDM) Database
captures Living Well program data including sex, age, and
current medical conditions. The CDM database was used to
identify patients with diabetes who attended the exercise
intake session and ascertain if they were triaged for a pre-
exercise stress test.
Key exposure of interest

Referral for pre-exercise stress testing was the exposure of
interest. The pre-exercise stress testing algorithm required
patients with diabetes who were sedentary and had � 1 other
cardiac risk factor, or reported symptoms suggesting angina, to
undergo stress testing prior to the exercise program. The
algorithm was put in place to be consistent with existing
guidelines; however, it did not advise testing every middle-
aged person with diabetes as was suggested by guidelines at
the time.14,22 To obtain the testing details and clinical
information of those attending the screening visit, chart
reviews at cardiovascular screening clinics were performed.
Data on presence or absence of prespecified clinical charac-
teristics and comorbidities, type(s) of testing performed,
outcomes of the testing, whether or not the patient was
ultimately cleared for the exercise program, and whether or
not the referral to pre-exercise screening resulted in a change
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in care were systematically abstracted from patient charts. A
“change in care” was defined as any change that happened as a
result of the screening visits that would otherwise not have
occurred through routine clinical care. The exercise stress tests
were conducted at 3 community cardiovascular screening
clinics. In most cases (98%), the Bruce treadmill protocol23

was used with a small number (2%) completed using the
modified Bruce protocol.24 Upon presentation at the cardio-
vascular screening clinics, a number of patients (n ¼ 38,
7.3%) were referred directly to nuclear testing owing to
perceived unsuitability for a treadmill test, usually due to pain,
low mobility, extreme obesity, or symptoms of angina or
severe shortness of breath on minor exertion.

Outcomes of interest

Cardiac catheterization, revascularization procedures,
CVD-related hospital admissions, all-cause mortality, and
cardiovascular (CV) mortality were the CV outcomes assessed.
Follow-up was complete byDecember 31, 2012 for all patients.
Data from administrative and clinical databases were linked on
a unique identifier. The Alberta Provincial Project for Outcome
Assessment in Coronary Heart Disease25 database was used to
obtain detailed clinical information on all adults undergoing
cardiac catheterization and revascularization in Alberta. The
hospital administrative inpatient Discharge Abstract Database
was used to obtain data on all cases experiencing a cardiovas-
cular hospital admission. Cardiac-specific hospitalizations for
acute coronary syndrome and stroke were determined by the
use of International Classification of Diseases, (ICD-10)
codes.26,27 The diagnostic codes for myocardial infarction (MI)
(I21.X, I22.X), unstable angina (I20.X, I24.X), stroke (I63.X,
I64.X), transient ischemic attack (G45.X), bleeding (I60.X,
I61.X) and venous sinus thrombosis (I63.6, I67.7, G08.X)
were employed. All admissions were categorized according to
the main discharge diagnosis and coded as “cardiovascular-
related” or not. Provincial Vital Statistics data were used to
determine date of death and cause of death. All-cause mortality
was considered as well as CV-related deaths. We examined
outcomes within 1 year, after 1 year, and over the entire follow-
up period (2007 to 2012). We considered CV death and
admission for acute MI (AMI) as major adverse CV events. We
also considered a composite of CV outcomes defined as any of
revascularization procedures or CV-related admission or CV-
related death. The study was reviewed and approved by the
University of Calgary Research Ethics Board.

Statistical analysis

Baseline age and sex were compared between patients iden-
tified as requiring referral for screening vs those who were not.
Differences in categorical data were assessed using c2 tests, and
differences in continuous data were assessed using Students’
t-tests. Differences in outcomes within 1 year of the exercise
intake session, after the intake session, and over the entire study
period were examined according to the requirement for a pre-
exercise stress test referral. Categorical variables are presented as
frequencies and percentages, and continuous variables as mean
(SD) values. Because of the small number of cases, differences in
categorical data were assessed using Fisher’s exact test. Logistic
regression analysis was used to assess odds ratios, and the models
were adjusted for age and sex. All statistical tests with 2-sided
P value � 0.05 were considered significant.
Results
A total of 1705 participants with diabetes who attended an

exercise intake session over the study period were identified.
Among these, 676 (40%) required referral for pre-exercise
stress testing according to the Living Well program’s algo-
rithm for stress testing referrals. Figure 1 demonstrates the
flow and derivation of the study cohort. Participants (n ¼ 32)
considered more appropriate for a cardiac rehabilitation pro-
gram (eg, with a recent MI or revascularization procedure)
were referred directly to that program and excluded from this
analysis. Participants (n ¼ 336) of low physical functioning
(incapable of achieving at least 3 metabolic equivalents) and
triaged to the low function exercise class were also excluded.
Baseline characteristics are displayed in Table 1. Mean age of
the cohort was 60.2 years, and 41% were male patients, with
no differences between those referred vs not referred for stress
testing. Age and sex from the CDM database were available on
the entire cohort; all other variables were extracted by chart
review therefore only available on those referred for stress
testing and those experiencing a CV outcome.

Table 2 compares CV outcomes in participants referred for
pre-exercise stress testing to those not requiring a stress test. The
mean (SD) follow-up time was 3.4 (1.4) years. Within 1 year of
intakedand over the entire follow-up perioddthere were no
significant intergroup differences in any of the CV event out-
comes or the composite of CV outcomes. In patients who were
referred for stress testing compared with those who were not,
there was no difference in the composite of cardiovascular out-
comes within 1 year (2.8% vs 1.9%, P¼ 0.250), or after the first
year (3.1% vs 4.6%, P ¼ 0.164). For interventional outcomes,
within only the first year there were significantly more cathe-
terization procedures in patients who were referred for pre-
exercise stress testing (4.3% vs 2.2%, P ¼ 0.021), as well as
more revascularization procedures (2.1% vs 0.8%, P ¼ 0.027).
Corresponding unadjusted and adjusted odds ratios (95% con-
fidence interval) for patients undergoing stress testing relative to
those not tested were not significant for the composite of any CV
outcome, whereas the corresponding odds ratios indicating
higher use of catheterization and revascularization were statisti-
cally significant (Supplemental Table S1). It should be noted
that, in the referral group, only 38% of the catheterizations and
20% of the revascularizations performed were identified as being
a direct result of the referral for pre-exercise stress testing. The
differences were not significant between the groups after the first
year and over the entire follow-up period. The rate for major
adverseCV events (CVdeath andAMI)was very low.Within the
first year, the event rates were 0.7% in both groups, with an
average rate of 0.88% and 0.82% over the mean follow-up
period in the nonreferred and the referred group, respectively.

Table 3 outlines the age and sex characteristics of patients
experiencing CV outcomes within 1 year of the exercise
intake. Patients who were male and older were significantly
more likely to experience an outcome. Details of other clinical
characteristics were not available on the entire cohort.

Among patients referred for pre-exercise stress tests, chart
review data were available on 524 patients. Table 4 outlines the
proportions of patients who were identified with risk factors in
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Figure 1. Derivation of study population flow diagram. Referral for stress test required if patient has a diagnosis of diabetes, previously sedentary,
and � 1 other cardiovascular risk factor. *Data obtained from screening clinics chart reviews.
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the chart review, stratified by whether or not they experienced a
CV outcome. Patients who experienced CV outcomes were
significantly older, more frequently male, and more likely to
have had previous MIs or stroke, previous cardiac arrhythmias,
and/or diagnoses of congestive heart failure (CHF), compared
with those who did not experience an outcome. Patients with
CV outcomes also had nonsignificantly higher rates of diabetic
neuropathy, nephropathy, and/or retinopathy than those who
did not experience CV outcomes.Moreover, those patients who
experienced outcomes were more likely to have experienced
chest pain upon testing at the screening clinics. Among the
patients (n¼ 39) who experienced CV outcomes within 1 year
of intake, all had at least 1 of the following risk factors at
baseline: symptoms of chest pain, previous CV event, previous
arrhythmia, severe chronic obstructive pulmonary disease
(COPD), diabetes-related nephropathy or neuropathy, and/or
Table 1. Baseline characteristics of patients with diabetes attending exercis

Whole cohort
Referral for stress

test NOT required*

Sample size (n) 1705 1029
Mean age, years (SD) 60.2 (11.3) 60.1 (11.3)
Percent male, n (%) 705 (41.4%) 415 (40.3%)

Age and sex are only available variables from database; all other variables had to
SD, standard deviation.
* Referral for stress test required if previously sedentary and � 1 other cardiovas

smoking, current or quit within previous 6 months; family history; major adverse car
before 65 years in mother or other first-degree relative).
age over 80 years. It should be noted that 65% of all those
referred for stress testing did not have any of these risk factors.
Notably, of the 19 patients who experienced CV outcomes
within 1 year of intake and had referrals for stress testing, 6
(32%) of the CV outcomes occurred after these patients had
been cleared for the exercise program (4 ¼ percutaneous
cardiology intervention [PCI], 1 ¼ MI, 1 ¼ death).

Chart reviews revealed that 10.3% of patients did not
attend the screening visits. It also revealed that, in 14% of the
cases (n ¼ 73), the screening referral indicated patient-
reported chest pain/ischemia-related symptoms. Available
baseline ECGs revealed that 50% of patients were reported to
have “normal” baseline ECGs, whereas another 21% had the
baseline ECG listed as “other,” which included nonspecific or
minor ST-changes or a minor heart block such at right bundle
branch block or first-degree atrioventricular (AV) block and
e intake session

Referral for stress
test required* P value (no stress test vs stress test)

676
60.4 (11.3) 0.5110
290 (42.9%) 0.292

be extracted by chart review.

cular risk factor (obesity, body mass index > 30; hypertension; dyslipidemia;
diovascular event before 55 years in father or other male first-degree relative or



Table 2. Cardiovascular outcomes by pre-exercise stress testing referral status

Within 1 year of exercise intake After first year Entire follow-up period (2007 to 2012)

Referral for stress
test NOT required

n ¼ 1029
Referral for stress

test required n ¼ 676 P value

Referral for stress
test NOT required

n ¼ 1029

Referral for stress
test required
n ¼ 67 P value

Referral for stress
test NOT required

n ¼ 1029

Referral for
stress test required

n ¼ 676 P value

CATH procedures
Total 23 (2.2%) 29 (4.3%) 0.021 43 (4.2%) 27 (4.0%) 0.901 66 (6.4%) 56 (8.3%) 0.115
Result of referral* 11 (1.6%)

Revascularization
Total 8 (0.8%) 14 (2.1%) 0.027 21 (2.0%) 11 (1.6%) 0.589 29 (2.8%) 25 (3.7%) 0.325
Result of referral* 3 (0.4%)

PCI
Total 4 (0.4%) 9 (1.3%) 0.043 12 (1.2%) 8 (1.2%) 1.0 16 (1.6%) 17 (2.5%) 0.208
Result of referral* 3 (0.4%)

CABG
Total 4 (0.4%) 5 (0.7%) 0.332 10 (1.0%) 3 (0.4%) 0.266 14 (1.4%) 8 (1.2%) 0.829
Result of referral* 0

CV admission 14 (1.4%) 11 (1.6%) 0.684 21 (2.0%) 14 (2.1%) 1.0 35 (3.4%) 25 (3.7%) 0.789
Major adverse CV events 7 (0.7%) 5 (0.7%) 1.0 24 (2.3%) 14 (2.1%) 0.867 31 (3.0%) 19 (2.8%) 0.883
MI admission 3 (0.3%) 3 (0.4%) 0.687 7 (0.7%) 7 (1.0%) 0.426 10 (1.0%) 10 (1.5%) 0.364
CV death 4 (0.4%) 2 (0.3%) 1.0 17 (1.7%) 7 (1.0%) 0.401 21 (2.0%) 9 (1.3%) 0.348

Non-CV death 12 (1.2%) 5 (0.7%) 0.462 24 (2.3%) 14 (2.1%) 0.867 36 (3.5%) 19 (2.8%) 0.485
All-cause death 16 (1.6%) 7 (1.0%) 0.400 41 (4.0%) 21 (3.1%) 0.359 57 (5.5%) 28 (4.1%) 0.212
Any CV outcomey 20 (1.9%) 19 (2.8%) 0.250 47 (4.6%) 21 (3.1%) 0.164 67 (6.5%) 40 (5.9%) 0.683

P values are determined by Fisher’s exact test. Bold values represent statistically significant values.
CABG, coronary artery bypass graft; CATH, catheterization; CV, cardiovascular; MI, myocardial infarction; PCI, percutaneous coronary intervention.
*Outcome occurred as direct result of referral for pre-exercise stress test.
yAny CV outcome is defined as 1 or any of the following: CV death, revascularization procedure (PCI or CABG), or CV admission.
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Table 3. Age and sex of patients experiencing CV outcome within 1 year

No stress test referral Stress test referral

No CV outcome CV outcome P value No CV outcome CV outcome P value

Sample size (n) 1009 20 657 19
Mean age, years (SD) 59.9 (11.3) 68.6 (9.4) 0.0006 60.2 (11.2) 68.4 (8.5) 0.0017
Male sex, n (%) 403 (40.0%) 12 (60%) 0.070 275 (41.9%) 15 (79.0%) 0.001

CV outcome is defined as one of CV death, revascularization (percutaneous coronary intervention or coronary artery bypass graft), CV admission within 1 year
of exercise intake session. P value is for comparison between no CV outcome vs CV outcome. Bold values represent statistically significant values.

CV, cardiovascular; SD, standard deviation.
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other less common abnormalities (see Supplemental Tables S2
and S3 for further details). Among all patients (n ¼ 441) who
completed stress tests, mean (SD) exercise capacity was 6.8
(2.3) metabolic equivalents. Among those reporting no chest
pain/symptoms who completed stress tests, 69% were cleared
for the exercise program, whereas in those patients reporting
chest pain, 50% were cleared. The remainder were identified
as requiring further testing (mostly nuclear) before clearance
for the exercise program. Ultimately, 19 patients (3.6% of
524) were not cleared for exercise upon nuclear testing; 11
were considered candidates for cardiac catheterization; 1
patient refused nuclear testing; 1 patient did not show for
follow-up after nuclear testing; and the remainder were
deemed more appropriate for the local cardiac rehabilitation
program, which included more cardiac monitoring and
aggressive risk-factor modification (see Supplemental Table S4
for details on nuclear testing). Among those referred for car-
diac catheterization, 3 had PCI interventions, 6 had false
positive myocardial perfusion imaging (MPI) results, 1 had
identified collateral circulation and no intervention, and 1 was
admitted with ST-elevated MI (STEMI) while waiting and
had an urgent PCI. Among patients referred for stress testing
whose charts were reviewed, only 4.6% were identified as
undergoing a change in care as a result of the stress-testing
referral. The most common change in care was that the pa-
tient was deemed more appropriate for a cardiac rehabilitation
Table 4. Risk factors in patients referred for pre-exercise stress testing: com

Risk factor
Overall
n ¼ 524

No CV
outcome n ¼ 505

Male sex, n (%) 223 (42.6%) 208 (41.2%)
� 60 years old, n (%) 284 (54.2%) 268 (53.1%)
Type 1 DM, n (%) 21 (4.0%) 21 (4.2%)
Previous MI/stroke, n (%) 112 (21.4%) 103 (20.4%)
Previous known arrhythmia, n (%) 34 (6.5%) 29 (5.8%)
Diabetic neuropathy or retinopathy,

n (%)
66 (12.6%) 61 (12.1%)

COPD, n (%) 26 (5.0%) 24 (4.8%)
CHF, n (%) 17 (3.2) 14 (2.8%)
BMI � 30, n (%) 493 (94.1%) 474 (93.9%)
Current smoker? n (%) 78 (14.9%) 75 (14.9%)
Former smoker? n (%) 164 (31.3%) 155 (30.7%)
Hypertensive or taking

antihypertensive medication, n (%)
444 (84.7%) 426 (84.4%)

Dyslipidemia or lipid- lowering
medication, n (%)

445 (84.9%) 428 (84.8%)

Chest pain recorded on testing? n (%) 22 (4.2%) 19 (3.8%)

Odds ratio for BMI � 30 is n/a, owing to all subjects with events having BMI
BMI, body mass index; CHF, congestive heart failure; CI, confidence interval; CO

mellitus; MI, myocardial infarction; OR, odds ratio; PAD, peripheral artery disease.
* P value for comparison between CV outcome vs no CV outcome.
yAdjusted for age and sex.
program, followed by the discovery of a previously unidenti-
fied cardiac arrhythmia.
Discussion
In this community-based cohort of people with diabetes

initiating an exercise program, we found that the rate of CV
outcomes was very low. Referral for stress testing was not
associated with an improvement in CV outcomes over follow-
up and was associated with a change in care in only a small
proportion of patients. Within the first year of intake, referral
for pre-exercise stress testing was associated with higher rates
of revascularization, although the absolute rates of interven-
tion were extremely low (n ¼ 3, 0.4%).

Although recommended by practice guidelines,12-14 our
findings suggest that pre-exercise stress testing in asymptom-
atic middle-aged diabetic patients is of limited utility for
screening for safety. The guidelines suggesting stress testing
for most people with diabetes are not substantiated by strong
evidence, and our findings suggest that they should be
reconsidered. More appropriate risk stratification should be
rigourously applied, as our study found that patients who
experienced events were more likely to have had previous CV
events, previous arrhythmias, CHF, and/or known diabetic
microvascular complications. Not surprisingly, symptoms of
chest pain were also associated with increased rates of CV
parison between those with and without CV outcome

CV outcome
n ¼ 19 P value*

Odds ratio
(95% CI)

Adjustedy

OR (95% CI)

15 (80.0%) 0.001 5.35 (1.75, 16.36) 4.59 (1.49, 14.15)
16 (84.2%) 0.009 4.72 (1.36, 16.4) 4.15 (1.18, 14.53)
0 (0.0) 1.00 n/a n/a
9 (47.4%) 0.009 2.84 (1.1, 7.24) 1.54 (0.58, 4.10)
5 (26.3%) 0.005 5.84 (1.97, 17.3) 4.79 (1.52, 15.10)
5 (26.3%) 0.078 2.59 (0.90, 7.44) 1.99 (0.67, 5.90)

2 (10.5%) 0.089 2.36 (0.51, 10.80) 1.85 (0.39, 8.82)
3 (15.8%) 0.004 6.58 (1.72, 25.18) 5.22 (1.26, 21.64)
19 (100%) 0.616 n/a n/a
3 (15.8%) 0.999 1.08 (0.31, 3.78) 1.41 (0.38, 5.18)
9 (47.4%) 0.135 2.03 (0.81, 5.10) 1.36 (0.53, 3.51)
18 (94.7%) 0.334 3.34 (0.44, 25.36) 1.75 (0.22, 13.79)

17 (89.5%) 0.752 1.53 (0.35, 6.75) 1.17 (0.26, 5.32)

3 (15.8%) 0.040 4.80 (1.29, 17.87) 4.79 (1.19, 19.29)

s > 30. Bold values represent statistically significant values.
PD, chronic obstructive pulmonary disease; CV, cardiovascular; DM, diabetes
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outcomes; this should serve as a reminder to ask patients
about symptoms and for exercise staff to educate patients to
report potential ischemic symptoms within the context of
exercise programming and progression.

In people with diabetes, traditional CVD risk factorsdsuch
as older age, sedentary lifestyle, hypertension, hyperlipidemia,
and obesitydare very common. However, our findings suggest
that presence of these risk factors did not discriminate between
those with subsequent CV events and those without. Also, stress
testing did not appear to reduce the number of CV events. In
fact, 6 of the CV events within 1 year occurred in patients who
had undergone stress tests and been cleared for the exercise
program.

Although older studies reported much higher cardiac event
rates,2 the low rate of CV events found in our study is
consistent with more recent trials in patients with type 2
diabetes.18,28 In these recent trials, the low rates of cardiac
events were unexpected, but not necessarily surprising, as rates
of CV events in people with diabetes have declined markedly
in recent years.29 Over the last decade, application of optimal
medical treatment, including aggressive pharmacologic risk-
factor modification, has been the recommended approach.
This is evident in the current study, with w 85% of the
patients referred for stress testing reporting use of antihyper-
tensive and/or lipid-lowering medication. Within the context
of pre-exercise screening, it may be a more effective and
efficient strategy to ensure that people with diabetes are
receiving optimal medical therapy rather than recommend
routine stress testing before engaging in a moderate exercise
program.

Although this is, to our knowledge, the first population-
based study to compare CV event rates in patients referred
or not referred for pre-exercise stress testing in people with
diabetes, there are several caveats to our findings. This was a
retrospective cohort study rather than a randomized trial,
which limits our ability to draw causal inferences. However,
the nature of our unselected/nonvolunteer cohort may not be
subject to the biases that can accompany patients recruited
into randomized trials. The small number of CV outcomes is
a key finding of the study but also limits the conclusions that
can be drawn. The policy of the exercise program was not to
refer asymptomatic patients of low physical function (ie,
incapable of achieving at least 3 metabolic equivalents) for
exercise stress testing before the exercise program, which may
have led to underrepresentation of patients with lower func-
tional capacities who would likely have been at greater risk of
CVD. These patients participated in an exercise class more
targeted to improving mobility and prevention of falls rather
than aerobic exercise. Furthermore, as many patients had self-
selected to participate in the exercise program, our study
population was likely healthier than the overall clinical dia-
betic population. The relatively short follow-up period may
also limit the generalizability of the findings. Most data
collected were from clinical and administrative databases not
created for research purposes. The lack of clinical details
beyond age and sex for the patients not referred for screening
does not allow for a detailed comparison to those referred for
testing or the adjustment for clinical covariates. However, it
should be noted that chart data were abstracted on all those
who experienced CV outcomes. In fact, the review of more
than 500 clinic charts allowed for a rich dataset on presence of
comorbidities and insights into the clinical decisions and end
outcomes of the referral to screening clinics.
Conclusions
Although stress testing can be useful in exercise prescrip-

tion and assessing long-term prognosis,30 concerns with costs,
barriers, follow-up with expensive/invasive tests, and potential
low yield suggest that it may be impractical to use stress
testing to screen for CAD in all or most asymptomatic
patients with diabetes who want to begin exercise programs.
Based on our findings, we suggest that recommendations for
stress testing before beginning an exercise program for all
patients with diabetes are too broad. We propose that pre-
exercise stress testing be reserved for patients with diabetes
who have symptoms suggesting ischemia or have known
CAD, arrhythmias, CHF, and/or microvascular complications
and perhaps those planning very vigourous exercise (such as
racing, long-distance running or high-intensity interval
training). Minimizing the need for pre-exercise stress testing
through better risk stratification will help manage costs,
reduce unnecessary follow-up testing, and reduce barriers to
structured exercise programming, ideally resulting in increased
participation in exercise by people with diabetes.
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